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Abstract 
 
Yield potential is most closely associated with available water (stored soil water + growing season precipitation). 
Climate changes can have a major influence on limiting the expression of potential production of winter wheat genotypes.  
Analyzing the last eleven years regarding rainfall and temperature during the winter wheat growth season was observed 
a major variability between years, climatic conditions with a predictable and unpredictable grain yield. For wheat crop, 
climatic conditions influence is rather associated with disponible resources of short phenological periods in direct relation 
with the importance of these. Even if the Transylvanian Plain is considered as a stable microclimate due to its position, 
the global warming affects also this area which make it more difficult growth and development of plants having effects 
on yield capacity. During these eleven years winter wheat grain yield ranges from 3.3 to 9 t ha -1, variation caused by 
precipitation level of grow season, especially by distribution of those. The most critical period which have a significant 
influence on grain yield are the rainfall from second and third decade from April alongside by precipitation from May.  
 
Keywords: grain yield, rainfall, temperature, winter wheat. 
 
 
1. Introduction 
 
About 21% of the world’s food depends on the 
wheat (Triticum aestivum L.) crop, which grows on 
200 million hectares of farmland worldwide [20]. 
Wheat is able to grow under various environmental 
conditions; from temperate, high rainfall to dry and 
from warm, humid to dry, cold areas [2]). Future 
climate scenarios suggest that global warming may 
be beneficial for the wheat crop in some regions, but 
could reduce productivity in zones where optimal 
temperatures already exist [10]. 
Average global temperatures have increased 
over the last decades and are predicted to continue 
rising along with a greater frequency of extremely hot 
days [1].  
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Increasing temperatures, in general, accelerate 
phenological development which results in a shorter 
growth period. 
Climate change can affect soil functions 
directly and indirectly.  
The direct effects include soil process changes 
in organic carbon transformations and nutrient 
cycling through altered moisture and temperature 
regimes in the soil or increased soil erosion rates due 
to an increased frequency of high‐intensity rainfall 
events [7].  
Climate change affects all segments of the 
agricultural enterprise and there is mounting 
evidence that the continuing warming trend with 
shifting seasonality and intensity in precipitation will 
increase the vulnerability of agricultural systems [8]. 
Wheat grain yield as yield generally is the 
results of its genetic stock in relationship with 
environment conditions. Fluctuate environment 
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conditions can limit the expression of potential 
performance of cultivar.  
Climate change is expected to have large 
effects on global wheat production: for every 1°C 
increase in temperature, global wheat yields are 
predicted to decline by 4.1–6.4% [9]. Wheat 
(Triticum aestivum L.) is a temperate cereal with an 
optimum temperature regime of 15–18°C during the 
grain filling stage [15, 19] but daily high temperature 
of 25–35°C or greater is common across many 
regions of the world where wheat is grown [12, 15]). 
Heat stress is defined by a mean daily temperature of 
over 17.5 °C in the coolest month of the season [6], 
and over 50 countries (importing more than 20 
million tons of wheat per year) experience this type 
of stress throughout the wheat cycle [14].  
Climatic indices are most suitable way to 
assess the aridity of a large area [3]. The climatic 
indices are used to diagnostic and understanding the 
climate system and climate mechanisms [4]. Aridity 
is defined as the lack of moisture is a climatic 
phenomenon that is based on the average climatic 
conditions of a consistent region [16]. Increased 
aridity and subsequent desertification, is one of the 
environmental problems that affect people's living 
conditions in the world‘s arid areas [11]. 
Lang’s Rain Factor (LRF) is traditional, one of 
the oldest and most frequently used parameter for 
classifying areas according to the availability of 
moisture. Its popularity is mainly due to its 
simplicity. The LRF is the ratio of the mean annual 
precipitation total to mean annual air temperature 
[18] and could be determine by follow equation: 
 
𝐿𝑅𝐹 =
𝑅
𝑡
 
 
where  
-LRF is Lang´s Rain Factor,  
-R is annual precipitation sum, mm,  
-t mean annual air temperature, °C [5] 
 
Table 1. Characterization of climate based on 
Lang´s Rain Factor 
 
LRF Climat characteristic 
70 < LRF < 1000 Wet 
40 < LRF < 70 Semi-arid 
20 < LRF < 40 Mediteranean 
0 < LRF < 20 Arid 
 
 De Martonne climate classification is one of 
the conventional methods in climate classification 
which is used in most climatology: 
 
𝐼𝑎𝑟−𝐷𝑀 =
𝑃
𝑇𝑚+10
; 
where  
-P is the average annual rainfall in mm,  
-T is the average annual temperature in °C, 
and  
-I is De Martonne aridity index. 
 
Table 2. Characterization of climate based on De 
Martonne Index 
 
Iar-DM Climatic 
condition 
Iar-DM < 5 Hyper- arid 
5 < Iar-DM < 10 Arid 
10 < Iar-DM < 20 Semi- arid 
20 < Iar-DM < 24 Mediterranean 
24 < Iar-DM < 28 Semi-humid 
28 < Iar-DM < 35 Humid 
35 < Iar-DM < 55 Very humid 
55 < Iar-DM Extremely 
humid 
 
The aim of this study was to highlights the 
behavior of studied genotypes regarding grain yield 
in relationship with changing environments 
conditions. 
 
2. Material and Method 
 
The study was performed at Agricultural 
Research and Development Station from Turda, a 
location with environment condition specific to 
Transylvanian Plain. Eight Romanian and three 
foreign winter wheat genotypes were analyzed 
regarding grain yield during eleven consecutive years 
as a reaction of affecting grain yield capacity to 
different climatic conditions. 
As a crop management the sowing date were 
made in optimal period for this area- second decade 
from October, with a basic fertilization (200 kg ha-1 
NPK) applied two weeks after plant emergence 
(BBCH 13-22) and a second fertilization (150 kg ha-
1 NPK) applied in spring at the resumption of the 
plant vegetation period (BBCH 29). 
 
3. Results and Discussions 
 
The global warming for the last decade can be 
easily observed analyzing the temperature evolution 
in relationship with both multiannual mean- 50 years 
and 60 years (Table 3). Wheat plant can be 
characterized as a thermophile plant, with an average 
optimal temperature for growth from 17 to 23°C [13], 
and when the temperature exceeds this range, the 
plant is considered to be under heat stress, a condition 
that may cause irreversible damage to crop growth 
and development. 
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Table 3. Biological material used during the experimental years 
 
Name of winter wheat variety Origin of winter wheat variety 
Andrada 
ARDS Turda 
Apullum 
Ariesan 
Codru 
Dumbrava 
Codru 
Faur 
NARDI Fundulea 
Glosa 
Exotic Commercial variety (Germany)  
Josef Commercial variety (Österreich) 
Bezostaia Russian variety- long term control 
 
 
Heat stress can affect wheat growth and 
productivity at all stages of growth, especially in 
reproductive phase, substantial yield losses are 
incurred because of the direct effect of heat stress on 
grain number and weight of those [17].  
Increasing mean temperature during the early 
growth stage or during the winter period that can have 
a favorable effect of plant optimal development and 
finally on grain yield, but increasing temperature 
during the main phenophases (April, May and June) 
can affect grain yield.  
Analyzing the month mean temperature during 
wheat growing season for the last decade can be 
observe the increasing value of last decade (8.54 ⁰C) 
being more than 1⁰C over the multiannual mean 
temperature for 50 or 60 years (Fig. 1).  
Heating of mean temperature during the 
spring season determines an acceleration of bio-
physiological processes from plant increasing the 
vulnerability of these which can affect normal 
development or function of different traits or 
attributes. For instance, increasing the mean 
temperature during the grain filling period (June) 
determines the intensification of the respiration 
process to the detriment of depositing assimilates in 
grain. Regarding the rainfall regime (Fig. 2) even if 
the sum of annual precipitation tends to increase 
(505.9 mm for the last 11 years compare to 416.5 mm 
for multiannual mean - 50 years; and 431.9 mm - 61 
years) an essential period for plant vegetative and 
generative phases - April and May- they are at the 
same level as the compared periods.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Evolution of multiannual mean temperature during last decades 
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Figure 2. Evolution of multiannual sum of rainfall during last decades 
 
A favorable aspect can be highlighted 
through a high rainfall regime during June for the last 
eleven years where water supply can provide an 
optimal development of plant stage.   
Analyzing the relationship between grain 
yield and temperature, respectively rainfall regime 
(Fig. 3) can be observed that grain yield is not in a 
dependent relationship with those.  
However,   the    increasing    annual     mean 
temperature it is rather favorable for wheat plants 
which capitalize this environment factor through 
additional grain yield.  
Water regime is one of the most important 
environmental factors which supports the formation 
of grain yield, poor relationship between these and 
grain yield can be explained through optimal 
distribution of water in correlation with the main 
plant phenophases requirements.  
 
 
 
Figure 3. Relationship between temperature/rainfall and grain yield during the last 11 years 
 
Climate indices are the first indicators for 
climate changes being handling for the specialists, 
which can predict the vulnerability of agricultural 
systems. Based on de Lang Rain Factor values during 
eleven years (Table 4); nine years can be 
characterized as semiarid climate and two years 
(2007/2008 and 2009/2010) as wet climate.   
Annual values range between 45.28 for year 
2017/2018 to 82.12 in 2009/2010, with 59.37 mean 
value for studied period.  
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Table 4. Determination of some climatic indicators - De Lang Rain Factor (LRF) and De Martonne Aridity 
Index (Iar-DM) 
 
Years LRF Iar-DM 
2007/2008 77.08 33.97 
2008/2009 46.97 21.71 
2009/2010 82.10 37.23 
2010/2011 61.58 26.85 
2011/2012 47.49 21.05 
2012/2013 50.98 23.65 
2013/2014 52.39 25.54 
2014/2015 55.77 26.37 
2015/2016 63.68 30.38 
2016/2017 69.48 30.51 
2017/2018 45.28 22.79 
Mean 59.37 27.28 
 
 
De Martonne Index offer a large variability of 
the year characterization regarding the climate 
behavior. Analyzing the yearly average of the de 
Martonne Aridity Index (table 4) for studied period 
the obtained data can be divided in four categories: 
(1) four years as Mediterranean specific conditions; 
(2) three years as semi-humid climate; (3) three years 
as humid climate and (4) one year very humid. 
 
4. Conclusions 
 
Winter wheat grain yield is a complex 
character directly influenced by environmental 
conditions, especially by temperature and rainfall, 
dependence given by the level of climatic conditions 
in relationship with short phenological plant stages. 
It is obvious that climatic conditions are changing, 
the real challenge are the capacity of wheat cultivars 
to adapt to changing background such that grain yield 
to remain at a superior level and its variability low as 
possible. 
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